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Purpose: Ultrasound (US) and US-guided fine needle aspiration biopsies (FNAB) 
are considered the modalities of choice for assessing lymph nodes suspected of 
containing metastases, but the sensitivity of FNAB varies and is specific to the op-
erator. We analyzed the risk of FNAB providing false negative results of lateral 
neck node metastasis, and evaluated diagnostic accuracy of FNAB, in patients 
with papillary thyroid cancer. Materials and Methods: FNAB was performed in 
242 patients suspected of having lateral neck node metastasis on preoperative im-
aging. Thyroglobulin in the fine-needle aspirate washout (FNA wash-out Tg) and 
computed tomography enhancement (Hounsfield units) were measured. Patients 
with negative results on FNAB were examined by intraoperative frozen section. 
The false negative and true negative groups were compared. Results: Of the 242 
patients, 130 were confirmed as having lateral neck node metastases. In 74 pa-
tients, the metastasis was identified by FNAB. False positive results were observed 
in 2 patients (0.8%) and false negatives in 58 (44.6%). Risk analysis showed that 
patient age <45 years (p=0.006), tumor size >1 cm (p=0.008) and elevated FNA 
wash-out Tg (p=0.004) were significantly associated with false negative results on 
FNAB. The accuracy of FNAB increased significantly when combined with FNA 
wash-out Tg (p=0.003). Conclusion: To reduce the false negative rate of FNAB, 
patient age (<45 years), tumor size (>1 cm) and FNA wash-out Tg (>34.8 ng/mL) 
should be considered in preoperative planning. Accuracy may be improved by 
combining the results of FNAB and FNA wash-out Tg.
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INTRODUCTION
Papillary thyroid carcinoma (PTC) accounts for about 80% of thyroid carcinomas 
and usually has a good prognosis, with a mortality rate of less than 10%.1,2 In 30‒ 
80% of patients, however, PTC metastasizes to regional lymph nodes.3,4 Many 
studies have shown prognostic significance of node metastasis in thyroid carcino-
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using a 7- to 15-MHz linear array transducer (HDI 5000; 
Philips Medical Systems, Bothell, WA, USA) or a 5- to 12-
MHz linear array transducer (iU22; Philips Medical Sys-
tems). Real-time US was performed by one of four radiolo-
gists, all of whom were aware of the patients’ clinical his-
tories. Suspicious US features of lymph nodes included hy-
perechogenicity relative to the surrounding muscles, loss of 
fatty hilum, cystic changes, calcification, round shape (a 
long/transverse diameter ratio <1.5), and a chaotic or periph-
eral vascular pattern.1,10,15 Lymph nodes were considered sus-
picious when one or more of these suspicious US findings 
was present. 
FNAB of lateral cervical lymph nodes was performed si-
multaneously with preoperative US staging. US-guided 
FNAB was performed with a 23-gauge needle attached to a 
20-mL disposable plastic syringe and aspirator. Aspirated 
material was smeared onto glass slides, some of which 
were immediately immersed in 95% alcohol for Papanico-
laou staining. The remaining material was rinsed in saline 
for cell block processing. FNA wash-out Tg levels were 
measured by rinsing the same needle and syringe with 1 
mL of normal saline.13
Computed tomography
All patients underwent contrast-enhanced CT with a multi-
detector scanner (Somatom Sensation 16 or Somatom Sen-
sation 64; Siemens Healthcare, Erlangen, Germany) with a 
reconstructed slice thickness of 3 mm for axial and coronal 
images. A 90-mL dose of iodinated contrast medium (io-
promide, Ultravist 300; Bayer Schering Pharma, Berlin-
Wedding, Germany) was administered intravenously at a 
rate of 3 mL/s with an automated injector. A 3-mL/s flush 
of normal saline solution was injected immediately after-
ward to reduce artifacts induced in the subclavian vein. The 
scan delay time was 40‒60 s. Suspicious CT features sug-
gesting metastasis included the presence of calcifications, 
central necrosis or cystic change, and lymph nodes show-
ing heterogeneous cortical enhancement or greater en-
hancement than the adjacent muscle.1,16 CT enhancement 
(HU) was considered objectively valuable because it could 
be quantified. HU was measured by drawing round to oval 
regions of interest, mostly at the areas of solid contents, 
showing prominent enhancement in the lymph nodes. 
Surgical procedure and pathological analysis
When fine needle aspiration cytology revealed malignant 
cells in the lymph nodes, unilateral lateral neck dissection 
ma. Furthermore, some groups demonstrated that lateral 
neck node metastasis is an important prognostic factor for 
tumor recurrence and poor prognosis,5,6 whereas some op-
posed.7,8 Precise preoperative detection of lateral neck node 
metastasis is important in determining the extent of surgery. 
According to American Thyroid Association (ATA) guide-
lines, ultrasound-guided fine-needle aspiration biopsy (US-
guided FNAB) is the most accurate and cost-effective meth-
od for evaluating thyroid nodules and enlarged cervical 
lymph nodes.9 Despite its usefulness in detecting metastatic 
lateral neck nodes, US is operator-dependent and is limited in 
detecting lymph nodes in the retropharyngeal space, the me-
diastinum, and low level VI.10 Moreover, 5‒10% of FNABs 
are non-diagnostic11 and 6‒8% are false negatives.12 Several 
recent studies have reported that the detection of thyroglob-
ulin (Tg) in fine-needle aspirate washout (FNA wash-out 
Tg) has a higher sensitivity and specificity in identifying 
metastatic lymph nodes than FNAB alone.13,14 However, the 
diagnostic FNA wash-out Tg threshold has not yet been es-
tablished.13 In contrast to US, computed tomography (CT) is 
not operator-dependent, and is capable of evaluating whole 
neck levels. We have analyzed the risk of FNAB providing 
false negative results of lateral neck node metastasis in pa-
tients with PTC, and we also compared the diagnostic accu-
racy of several preoperative evaluation methods in detect-
ing lateral neck node metastasis in these patients.
MATERIALS AND METHODS
Patients
Between January 1, 2010, and December 31, 2011, 408 pa-
tients with PTC suspected of having lateral neck node metas-
tasis on preoperative imaging were operated on by a single 
surgeon at the Thyroid Cancer Center, Gangnam Severance 
Hospital, Yonsei University College of Medicine. Of these, 
242 consecutive patients underwent US and CT during preop-
erative evaluation and were enrolled in this study. All patients 
underwent FNAB. FNA wash-out Tg and CT enhancement 
[Hounsfield units (HU)] were measured in all suspicious 
lymph nodes. This retrospective study of medical records was 
approved by the Institutional Review Board of Yonsei Uni-
versity College of Medicine, Seoul, Korea, which waived re-
quirements for patient approval and informed consent.
Ultrasound guided FNAB and FNA wash-out Tg
US examinations of cervical lymph nodes were performed 
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Cary, NC, USA).
RESULTS
 
Patient characteristics and comparisons
The mean age of the patients was 44.1 years (range, 18‒73 
years) and the male to female ratio was 1:2.6 (68:174 pa-
tients). Of the 242 patients, 130 were confirmed as having 
metastases. Seventy two patients were confirmed by FNAB 
and 58 patients were negative results of FNAB but con-
firmed by intraoperative frozen section (Table 1). Lateral 
neck dissection involved removing level II to IV or V in 
some cases. The mean number of dissected lateral lymph 
nodes was 38 (range, 10‒95). The clinicopathologic charac-
teristics of the patients are summarized in Table 2. Patients 
with lateral neck node metastasis were significantly young-
er than those without metastasis (p=0.002). The mean tu-
mor size was significantly larger in the metastatic than in 
the nonmetastatic group (p<0.001). Tumor stage >T 2 
(p=0.006), presence of extrathyroidal invasion (p=0.011), 
and presence of psammomatous calcification (p=0.004) 
were significantly more frequent in the metastatic group, as 
were FNA wash-out Tg concentration (p<0.001) and HUs 
(p=0.009). There were no significant between group differ-
ences in gender distribution (p=0.774), presence of multiple 
tumors (p=0.059), type of tumor margin (p=1.000), and 
presence of thyroiditis (p=0.787). Multivariate analysis 
showed that tumor size >1 cm and FNA wash-out Tg >34.8 
ng/mL were significantly associated with lateral neck node 
was performed along with total thyroidectomy. In patients 
having lymph nodes with suspicious US or CT features but 
with no definite metastatic cells on cytology, on-site US-
guided localization of lateral neck nodes was performed. 
Targeting of lateral neck nodes was performed by injecting 
0.1 mL of 5% vital dye under US guidance. Utilizing the 
standard low neck collar incision for thyroidectomy, the 
stained lateral neck node was excised and sent for frozen-
section histologic analysis. The extent of surgery was based 
on the results of frozen-section examination. If the lymph 
node was confirmed as metastatic node, lateral neck dissec-
tion was performed (Fig. 1). Lateral neck dissection in-
volved removing levels II to IV, or V in some cases. Aspi-
rated lymph nodes were evaluated on a level-by-level basis, 
and the results of FNAB and pathology were compared. 
Statistical analysis
Categorical data were reported as frequencies and percent-
ages, and χ2 tests were used to determine differences be-
tween metastatic and benign lymph nodes. Continuous vari-
ables were compared using Student’s t-tests. Appropriate 
cut-off values of FNA wash-out Tg and HU in metastatic 
lateral lymph nodes were calculated by receiver operating 
characteristic (ROC) analysis. The sensitivity, specificity and 
accuracy of FNAB, FNA wash-out Tg and HU were calcu-
lated on the basis of permanent pathology, and pairwise com-
parison was determined using area under the curve (AUC). 
All reported p values are two sided, with p values <0.05 de-
fined as statistically significant. All statistical analyses were 
performed using SAS software, version 9.1 (SAS Institute, 
FNAB (+) (n=74)
Lateral neck dissection (n=74)
Intraoperative frozen section (+) (n=58)
FNAB (-) (n=168)
Lateral neck dissection (n=58)
Suspicious lateral neck node (in US or CT, n=242)
FNAB, FNA washout Tg, measurement of HU
Intraoperative frozen section (-) (n=110)
Thyroidectomy only (n=110)
Fig. 1. Diagram of the algorithm for evaluation and management of lateral neck node. FNAB, fine needle aspiration biopsy; US, ultrasound; FNA, fine needle 
aspiration; Tg, thyroglobulin; HU, Hounsfield unit. 
Table 1. Relation between Result of FNAB and Final Pathology
FNAB Permanent pathology no metastasis (n=112) Permanent pathology metastasis (n=130)
Negative (n=168)   110 (98.2%) 58 (44.6%)
Positive (n=74)     2 (1.8%) 72 (55.4%)
FNAB, fine needle aspiration biopsy.
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wash-out Tg concentration >34.8 ng/mL was significantly 
correlated with false negative results on FNAB (p=0.002) 
(Table 5). 
Comparative analysis of FNAB, FNA wash-out Tg, and 
HU 
Of the 242 patients, 74 (30.6%) were initially diagnosed 
with lateral neck node metastasis by FNAB, with 2 (0.8%) 
being false positives. Moreover, 58 (24.0%) were false neg-
atives. The sensitivity and specificity of FNAB were 55.4% 
and 98.2%, respectively. ROC analysis was performed on 
FNA wash-out Tg and HU. Using an FNA wash-out Tg 
cut-off value of 34.8 ng/mL, AUC was 0.822, the sensitivi-
ty was 58.5%, and the specificity was 99.1%. Using an HU 
cut-off value of 133, the AUC was 0.598 and the sensitivity 
and specificity were 35.4% and 85.7%, respectively (Table 
metastasis (Table 3).
Risk analysis of false negative results in FNAB
Of the 168 patients with negative results on FNAB, 58 
were diagnosed as having lateral neck node metastasis after 
analysis of intraoperative frozen sections, making the false 
negative rate of FNAB 44.6%. Clinicopathologic character-
istics of the false negative and true negative patients are 
summarized in Table 4. Patients in the false negative group 
were significantly younger (p=0.001) and had significantly 
larger tumors (p=0.002) than patients in the true negative 
group. Psammomatous calcifications (p=0.020) were sig-
nificantly more common and FNA wash-out Tg concentra-
tion (p=0.004) was significantly higher in the false negative 
group. Other clinicopathologic features did not differ signif-
icantly. Multivariate analysis showed that only a FNA 
Table 3. Multivariate Analysis of Risk Factors for Lateral Neck Node Metastasis
p value Odds ratio
95% CI
Lower Upper
Age ≥45 yrs   0.074   0.546   0.281     1.061
Tumor size >1 cm   0.023   2.174   1.113     4.245
Psammomatous calcification   0.255   1.482   0.752     2.922
FNA wash-out Tg >34.8 ng/mL <0.001 57.088 13.167 247.508
HU >133   0.456   1.395   0.582     3.344
CI, confidence interval; FNA, fine needle aspiration; Tg, thyroglobulin; HU, Hounsfield unit.
Table 2. Clinicopathologic Characteristics of Patients
Permanent pathology 
no metastasis (n=112)
Permanent pathology 
metastasis (n=130)
p value 
Sex distribution (%) 0.774
    Female   82 (73.2)   92 (70.8)
    Male   30 (26.8)   38 (29.2)
Mean age (yrs)±SD 46.4±10.4 42.1±10.9 0.002
    <45 (%) 47 (42.0)   84 (64.6) <0.001
    ≥45 (%) 65 (58.0)   46 (35.4)
Mean tumor size (cm)±SD  0.96±0.62 1.44±0.92 <0.001
    ≤1 (%) 75 (67.0)   48 (36.9) <0.001
    >1 (%) 37 (33.0)   82 (63.1)
T stage (%) 0.006
    I 41 (36.6)   26 (20.0) 
    II‒IV 71 (63.4) 104 (80.0) 
Multiplicity (%) 32 (28.6)   53 (40.8) 0.059
Infiltrative tumor margin (%) 84 (75.0)   98 (75.4) 1.000
Extrathyroidal invasion (%) 71 (63.4) 102 (78.5) 0.011
Psammomatous calcification (%) 38 (33.9)   68 (52.3) 0.004 
Thyroiditis (%) 39 (34.8)   43 (33.1) 0.787
Median FNA wash-out Tg (ng/mL)     4.9 (0.1‒5000.0) 132.0 (0.7‒5000.0) <0.001
Median HU 113.0 (55.0‒161.0) 121.5 (54.0‒727.0) 0.009
SD, standard deviation; FNA, fine needle aspiration; Tg, thyroglobulin; HU, Hounsfield unit. 
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specificity (Table 7). 
DISCUSSION
Although preoperative evaluation for lateral neck node me-
tastasis is important in patients with PTC, predicting such 
metastases is very difficult. Significant clinical factors associ-
ated with lateral neck node metastasis include male gender, 
age <45 years, tumor size >2 cm, and presence of extrathy-
roidal invasion.17,18 Although observed no significant differ-
6). Compared these three methods, we found that the AUCs 
of FNAB, FNA wash-out Tg, and HU were 0.768, 0.822, 
and 0.598, respectively, with the AUC of FNA wash-out Tg 
being significantly higher than that of FNAB (p=0.019), 
and the AUC of HU being significantly lower than that of 
FNAB (p<0.001) or FNA wash-out Tg (p<0.001). The accu-
racy of FNAB increased significantly when combined with 
FNA wash-out Tg (p=0.003). The AUC increased from 
0.768 to 0.829, the sensitivity was 65.4% and the specificity 
was 97.3%. None of the other pairwise combinations, how-
ever, showed significant increase in AUC, sensitivity and 
Table 4. Clinicopathologic Characteristics of Patients with Negative Results on FNAB
True negatives (n=110) False negatives (n=58) p value 
Sex distribution (%) 0.570
    Female 82 (74.5) 46 (79.3)
    Male 28 (25.5) 12 (20.7)
Mean age (yrs)±SD 46.6±10.3 41.0±10.4 0.001
    <45 (%) 45 (40.9) 37 (63.8) 0.006
    ≥45 (%) 65 (59.1) 21 (36.2)
Mean Tumor size±SD 0.96±0.63 1.27±0.60 0.002
    ≤1 cm (%) 73 (66.4) 26 (44.8) 0.008
    >1 cm (%) 37 (33.6) 32 (55.2)
T stage (%) 0.609
    I  40 (36.4) 18 (31.0) 
    II‒IV  70 (63.6) 40 (69.0) 
Multiplicity (%) 31 (28.2) 18 (31.0) 0.723
Infiltrative tumor margin (%) 83 (75.5) 41 (70.7) 0.581
Extrathyroidal invasion (%) 70 (63.6) 39 (67.2) 0.735
Psammomatous calcification (%) 37 (33.6) 31 (53.4) 0.020
Thyroiditis (%) 39 (35.5) 24 (41.4) 0.504
Median FNA wash-out Tg (ng/mL) 4.9 (0.1‒34.8)     5.6 (0.7‒5000.0) 0.004
HU 113.0 (55.0‒161.0) 115.5 (84.0‒356.0) 0.500
FNAB, fine needle aspiration biopsy; SD, standard deviation; FNA, fine needle aspiration; Tg, thyroglobulin; HU, Hounsfield unit.
Table 5. Multivariate Analysis of Factors Associated with False Negative Result on FNAB
p value Odds ratio
95% CI
Lower Upper
Age ≥45 yrs 0.086   0.532 0.259     1.094
Tumor size >1 cm 0.091   1.866 0.904     3.852
Psammomatous calcification 0.082   1.909 0.921     3.957
FNA wash-out Tg >34.8 ng/mL 0.002 24.875 3.035 203.904
HU >133 0.863   1.094 0.393     3.044
FNAB, fine needle aspiration biopsy; CI, confidence interval; FNA, fine needle aspiration; Tg, thyroglobulin; HU, Hounsfield unit.
Table 6. Sensitivity and Specificity of Preoperative Evaluation Methods
Sensitivity (%) Specificity (%) Accuracy (%) AUC p value
FNAB 55.4 98.2 75.2 0.768 <0.001
FNA wash-out Tg (34.8 ng/mL) 58.5 99.1 76.9 0.822   0.002
HU (133) 35.4 85.7 58.7 0.598   0.002
AUC, area under the curve; FNAB, fine needle aspiration biopsy; FNA, fine needle aspiration; Tg, thyroglobulin; HU, Hounsfield unit.
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kits are used worldwide and also the techniques and volumes 
used for syringe washout differ considerably. We used an 
electrochemiluminescence immunoassay, in which the maxi-
mum measurable concentration of FNA wash-out Tg level 
was 5000 ng/mL. FNA wash-out Tg concentration has been 
reported to be more sensitive than FNAB alone and to in-
crease the sensitivity of FNAB when the two are combined.13 
We indeed found that the accuracy of FNA wash-out Tg was 
significantly higher than that of FNAB (p=0.019), and that 
the accuracy of FNAB was increased significantly when 
combined with FNA wash-out Tg (p<0.001).
Although routine preoperative CT has not been recom-
mended by the ATA guidelines,20 CT enhancement (HU) is 
relatively objective and quantifiable. We found that an HU 
higher than 110 was significantly associated with the pres-
ence of lateral neck node metastasis.4 Although HU was 
significantly higher in the metastatic group (p=0.009), its 
sensitivity (35.4%) was lower than that of FNAB or FNA 
wash-out Tg. Similarly, comparative analysis showed that 
the accuracy of HU was significantly lower than that of oth-
er preoperative methods, and that the accuracy of FNAB 
was not increased significantly when combined with HU. 
Elevated HU, nevertheless, may still be useful in diagnos-
ing lateral neck node metastasis.
In conclusion, the false negative rate of FNAB can be re-
duced by considering patient age (<45 years), tumor size 
(>1 cm) and FNA wash-out Tg (>34.8 ng/mL) during pre-
operative planning. The accuracy of FNAB may be im-
proved by combining it with measurements of FNA wash-
out Tg.
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